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Abstract 
Standard two equation model, RNG two equation model and zero equation model are commonly used in HVAC engineering . In 
this paper, three turbulence models are introduced. And deflection grille air jets are simulated with them. Compared with the 
other two equation model, results show that using the standard equation model, whether in axial velocity attenuation or in 
fracture surface velocity distribution, the simulation is closest to the data measured. While using of zero equation model , the 
simulation would have great difference from the actual test. 
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1. Introduction 
The vent of HVAC is the terminal device of HVAC system, and its performance directly affects wind speed, 
temperature field and the comfort level of room. its’ very significant to accurate simulation of the outlet air jets for 
experimental study and theoretical analysis. The key of simulation is that it can be consistent with the real 
experimental data, otherwise it can not come to the right conclusion, even contrary to the actual conclusion. Air jets 
are turbulent flow, and choosing a reasonable control equation has a great influence on the accuracy of the 
simulation for different operating conditions, and it’s the key to the effectiveness of simulation. 
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2. Turbulence equation model 
2.1. Standard two equation model 
Standard two equation model is not only the most representative in two-equation turbulence model, but also most 
universal. For the simulation of air jets, standard two equation can achieve a certain degree of simulation accuracy. 
Numerical simulation of the standard model is based on the common indoor air flow control equation by [1] : 
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Which, M  represent velocity and turbulence parameters. Combined with standard two equation model, the 
specific meaning is shown in Table 1. 
Table 1. indoor air flow control equation based on standard two equation model 
  M                M*                                      SM  
              1                 0                                        0     
u                
effP          ( ) ( ) ( ) ( )
p u v w
gxeff eff eff refx x x y x z x
P P P U Uw w w w w w w     w w w w w w w      
v                
effP           ( ) ( ) ( ) ( )
p u v w
g yeff eff eff refy x y y y z y
P P P U Uw w w w w w w     w w w w w w w  
w               
effP            ( ) ( ) ( ) ( )
p u v w
gzeff eff eff refz x y y z z z
P P P U Uw w w w w w w     w w w w w w w    
k               
u
eff
kV
                                     GK U      
              
u
eff
kV
                                 [ ]1 2G C CKK
U    
teff lP P P      2 /C kt DP U  
2 2 2 2 2 2{2[( ) ( ) ( ) ] ( ) ( ) ( ) }
u v w u w w v u v
G tk x y z z x y z y x
P w w w w w w w w w        w w w w w w w w w  
1.441C  , 1.922C  , 0.09DC  , 1.0kV  , 1.3wV   
 
In table 1, x, y, z respectively represent the three orthogonal coordinates in rectangular coordinate system; u, v, w 
represent the corresponding coordinates speed respectively; k  and  represent turbulence kinetic energy and 
turbulent kinetic energy dissipation rate respectively;  lP  and tP  represent  laminar and turbulent viscosity 
coefficient respectively; effP  is the equivalent viscous coefficient. p and U  represent air pressure and density 
respectively. 
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2.2. RNG two equation model 
RNG two equation model and standard double-equation model are exactly same in the form, but the difference is 
that the value of five coefficients are based on experimental data, not obtained by theoretical analysis. The results of 
this set of coefficients as shown in Equation (2) by [2]. 
Obviously, compared with the standard two equation model, the most important feature of RNG equation model 
is that strain rate of the mainstream is introduced in the equation. 
 
0.085CD  ˗  
(1 / )
1.421
1 3
OC
K K K
EK
 

˗  1.682C   
0.7179KV  ˗ 0.7179V   ˗  /SkK                                                                                    (2) 
              
2(2 ), ,S S Si j i j ˗ 4.38oK  ˗ 0.015E   
1
( ), 2
uu jiSi j
x xj i
ww w w  
2.3. Zero-equation model 
In 1998, based on the mixing length theory, a new zero-equation model is built by Chen and others to solve the 
numerical calculation of air ventilation distribution problem by [3]. In the model, turbulent viscosity is the function 
of local average velocity and length scale. Comparing with standard two equation model, the calculation of zero-
equation model calculation is effortless, so more and more attention is given to zero-equation model . 
There are details of the "standard mixing length theory" by  [4,5]. Chen and others improve the viscosity of the 
turbulent mixing length theory. They put forward a simple algebraic equation as turbulent viscosity.  
 
0.03874t vlP U                                                                                                                                                (3) 
 
Whichˈ U  represent density, kg/ m3; v  represent local time average velocity; l  represent length scale. 
3. Sample calculation process 
3.1. The sample model 
There are many factors affect air jets , but the main factors are the jet mass flow, momentum flow, buoyancy flux 
and outlet shape. In this paper, Grille is simplified using the basic model. Original parameters of the grille  are 
shown in Table 2.  
Table 2. Sample shutter tuyere original parameters 
 Specification  Effective area coefficient  Direction Flow velocity (m/s) 
 0.508m×0.152m 0.72   0ć     2 
In the case of a constant of Mass flow and  momentum flux , according to the original aspect ratio and effective 
outlet area coefficient, simplifying the outlet. The size of the simplified outlet is 0.431m × 0.129m.The size of the 
room is 10m × 3m × 6m. The outlet is placed in the middle of the wall in order to reduce the effect of the wall. 
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3.2. Boundary conditions and mesh  
In 1998, based on the mixing length theory, a new zero-equation model is built by Chen and others to solve the 
numerical calculation of air ventilation distribution problem . In the model, turbulent viscosity is the function of 
local average velocity and length scale. Comparing with standard two equation model, the calculation of zero-
equation model calculation is effortless, so more and more attention is given to zero-equation model. 
3.3. The number of iterations  
The number of iterations of the simulation can affect results. If the number of iterations is too low to get the 
correct result, but if the number of iterations are too high, it can increase the computation time. The number of 
iterations is 300 times to compute. 
4. The calculation results analysis 
4.1. Simulation speed distribution of different equation model 
The characteristic of air jet is that the speed in the axis is the biggest of all, regardless of the jet in the initial 
segment or body segment. From the jet axis to the boundary layer, the velocity is gradually reduced until it reaches 
zero. With the increasing in the range of absolute velocity, distribution gradually flattens on each section. Speed jets 
on each section has similarity. The simulation results using  different equation models are shown in figure 1 ~ 6.  
  

Fig 1. Longitudinal                                     Fig2. Longitudinal                                           Fig 3. Longitudinal  
standard two equation.RNG two equation .                                        zero-equation model.

                     
 
Fig. 4. Section speed                                   Fig .5. Section speed                                       Fig .6. Section speed    
standard two equation.                                       RNG two equation.                                  zero-equation model .   
 
As can be seen from the simulation results, the results from using the standard two equation model to the RNG 
two equation  model are significant symmetry. Compared with the other models, whether section axial velocity or 
the velocity distribution model using zero equation model simulation is lower. And with increasing of the range, the 
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maximum speed is not always in the axis, appearing deviation. 
4.2. Equation model simulation results compare with the experimental data 
The characteristics of the main section of the air jet is significant in air conditioning and ventilation engineering. 
The right description of the main section of the axial velocity attenuation situation and velocity distribution is the 
key of the simulation. The experimental data and simulation results below are from the body of the jet. 
The result using different equation model to simulate the main section of the axial velocity attenuation and the 
value of the reference [6] are compared. The results are shown in figure 7.The three kinds of equation model 
simulation results have great difference. It can't perfectly match with the measured results. From the velocity , the 
result using standard equation simulation is close to the measured results within the scope which the project can 
accept; RNG equation simulation result comparing with the standard equation is slightly larger, especially after the 4 
m, without the acceptable scope; The zero equation model simulation result comparing with the measured is serious 
small, and it can't meet the needs of the project. Three speed decay trend has little difference comparing with the 
measured velocity ,and the decay rate is small. 
 
Fig. 7. Axial velocity attenuation.                                                                           Fig .8. Section velocity distribution.    
 
The jet main section velocity distribution and velocity distribution given in the experiment are shown in figure 8. 
Three results with the measured values are basically the same with equation model simulation results infigure8. the 
result using standard equation simulation is close to the measured results within the scope which the project can 
accept. It has great difference from the results using RNG two equation model simulation and zero equation model 
to actual value. 
5. Conclusions  
For Grille with larger area effective coefficient, without doing a detailed description, it still can be consistent with 
the actual simulation results. The key is to choose the right turbulence equations. From the point of view of the 
velocity distribution, using standard two equation model and RNG two equation model simulation, results are 
substantially consistent, and using zero-equation model, the maximum speed deviates from the axis. Using different 
air jets equation model, simulation results vary widely. Through comparing the axis speed attenuation and velocity 
distribution to the actual value, result using the standard two equation model can match with the measured result 
substantially. 
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